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The effect ofblock scheduling on high school student achievement in mathematics and reading was investigated in this study through the use of an ex postfacto, longitudinal research design. Specifically, student scoresfrom 9th-and 11th-grade standardized tests were matched and sorted byjunior high and high school attended. Outcome measures consisted ofLevels tests and ACT exams in mathematics and reading. Statistical analyses ofstudent gain scores included main effects ofscheduling type, gender, and ethnicity as well as interaction effectsfor these independent variables. Results indicate that students in 4 X 4 block scheduling had greater gain scores in reading and mathematics than did students in both traditional scheduling and A/B block scheduling.
During the last two decades, block scheduling has been one of the fast-', i111. est growing educational reform initiatives in secondary public education. Block scheduling was a viable scheduling choice for over 40 years, but it was not until the late 1980s that block scheduling became more widespread in secondary schools throughout the United States. The growth in block scheduling was a reaction to the notion that "close, personal relationships among students and teachers had become less likely in traditional environments as student numbers and student-teacher ratios increased" (Nichols, 2000, p. 135). Canady and Rettig (1995) estimated that 50% of U.S. high schools had implemented some form of block scheduling, with some states (e.g., North Carolina and Virginia) having much higher rates. Although a block scheduling format can have many different variations, all types have the commonality of increasing time available for instruction by extending classes beyond the traditional 50 minutes (Weller & McLeskey, 2000) .
x Block Scheduling
The most common type of block scheduling found in U.S. high schools is the 4 X 4 semester plan, also known as the accelerated schedule or Copernican plan (Canady & Rettig, 1995) . In this scheduling format, students complete four yearlong courses in one semester by attending the same four 90-minute classes every day of the week for an entire semester. However, the actual instructional minutes in a 4 X 4 class may be slightly lower than in traditionally scheduled classes (Queen, Algozzine, & Eddy, 1997 ).
Many researchers have explored student and teacher perceptions of the 4 X 4 block scheduling format in regard to classroom climate, instructional approaches, and student-teacher relationships (Edwards, 1995; Eineder & Bishop, 1997; Queen et al., 1997; Thomas & O'Connell, 1997a) . Findings from the student perspective show that academic and social outcomes are improved under this block scheduling approach (Eineder & Bishop, 1997 ; Thomas & O'Connell, 1997a) . For example, Wilson and Stokes (2000) found that students perceive the 4 X 4 semester plan to offer a better instructional environment than in the traditional schedule (e.g., teachers get to know them better). Queen et al. (1997) found that teachers appreciated the flexibility in classroom instruction, longer planning periods, greater course offerings, and more time for in-depth study that the 4 X 4 block schedule provided. For example, teachers in a 4 X 4 plan typically teach three classes per day with a daily planning period instead of five to six classes with a planning period only on designated days (Edwards, 1995) . Staunton (1997) interviewed teachers with 5 years of teaching in a 4 X 4 block schedule and teachers who taught 5 years in a traditional schedule. In this study, teachers in the 4 X 4 block schedule reported that their classroom assessment techniques were much better developed than teachers in a traditional scheduling environment. In addition, teachers perceived student-teacher interactions to be more positive in a 4 X 4 block scheduling format because there is more time for concentrated instruction (Eineder & Bishop, 1997; Skrobarcek et al., 1997; Thomas & O'Connell, 1997b) .
Alternate Day Block Scheduling (A/B)
The alternate day block scheduling format is commonly known as A/B, odd/even, or day 1/day 2. In this scheduling format, students take three to four 90-120 minute classes on alternate days for the entire academic year. Buckman, King, and Ryan (1995) reported that A/B block scheduling produced positive perceptions of safety, success, involvement, commitment, interpersonal competency, and satisfaction. Specifically, the A/B block scheduling plan results in a less stressful and more flexible instructional climate for both teachers and students (Weller & McLeskey, 2000) . For example, Weller and McLeskey noted that teachers are encouraged to develop curricula focused on cooperative learning exercises to take advantage of longer blocks of time. Furthermore, Payne andJordan (1996) found that teachers were positive about the class scheduling, staff development, and additional planning time afforded by an A/B schedule. As for student learning, Payne andJordan did not find significant differences in the perceptions of students regarding the efficacy ofA/B scheduling as compared with traditional scheduling. 4 x 4 and A/B Block Scheduling Comparison Westfall (1997a, 1997b) found that teachers in the 4 X 4 block scheduling format were more satisfied with student grades than A/B teachers. In another study favoring 4 X 4 block scheduling, Shortt and Thayer (1995) reported that teachers believe that students need instruction in a subject every day to maximize the learning process. Pisapia and Westfall (1997a) also found that teachers perceive better student attendance with the 4 X 4 semester plan than with the A/B plan. Conversely, some studies show no increase in attendance with either the 4 X 4 or A/B plans as compared to traditional scheduling (e.g., Skrobarcek et al., 1997). As for overall satisfaction, Pisapia and Westfall (1997b) found that 4 X 4 students were more satisfied with the number of courses available to them than were students in A/B and traditional scheduling.
Disadvantages of Block Scheduling
Conversion to block scheduling has several disadvantages, especially in designing effective course instruction for longer classes (O'Neil, 1995) , and maintaining appropriate academic pacing to meet instructional objectives and curriculum standards (Shortt & Thayer, 1995) . For example, some teachers inevitably cover less content because of the reduced number of total instructional minutes (O'Neil, 1995) . In addition, the sequencing ofAP courses (O'Neil, 1995) and foreign language and music classes are challenges for the block scheduling format (Shortt & Thayer, 1995) . Hamdy and Urich (1998) reported that teachers did not think class size was reduced with block scheduling nor was classroom climate appreciably improved with either block scheduling format. Furthermore, students reported being more tired, less attentive, and more bored in the longer class periods as compared with the shorter classes in traditional scheduling plans (Lapkin, Harley, & Hart, 1997) . According to Queen et al. (1997) , other negative aspects of block scheduling include too much independent study, a limited number of electives, and an overemphasis on lecture.
Research Questions
Given the uneven status of the research on student achievement in block scheduling programs, a priori research hypotheses were not formulated for this study. Subsequently, research questions were developed around the main effects and interactions of the scheduling format (i.e., 4 X 4, A/B, and traditional scheduling), attribute variables (i.e., gender and ethnicity), and outcome measures (mathematics and reading-gain score test results):
* What is the effect of 4 X 4 block scheduling, A/B block scheduling, and traditional scheduling on the mathematics and reading achievement of high school students?
* How do the effects of different block scheduling formats vary by student gender and ethnicity in regards to mathematics and reading achievement of high school students?
Methodology
The opportunity to examine different types of block scheduling arose from the existing arrangement of three different scheduling options in the school district's three major high schools. Specifically, there is one traditionally scheduled high school (TSS), one A/B scheduled high school, and one 4 X 4 scheduled high school. Complementary to the high school scheduling formats were the scheduling formats used by four of the junior high schools which serve as feeder schools for the district's high schools. The three different types of scheduling used by the junior high schools were represented by junior high school A, which used the 4 X 4 block schedule; junior high schools B and C, which used the A/B schedule; andjunior high school D, which used a traditional schedule.
Population, Sample, and Sampling Design
The theoretical population for the study was high school students in the United States. The accessible population was students attending the four junior high schools (grades 7-9) and the three high schools (grades 10-12) The majority (96%) of the sample population selected for this project was immersed in the same scheduling format in the ninth grade as they were at the high school level. For example, a ninth grader atjunior high school B was exposed to an A/B block schedule during the 2000-01 school year and an A/B block schedule at the high school level as a 10th and 11th
grader. This extended the exposure for most of the students to the same type of scheduling format for a minimum of 3 years. Overall, the fourjunior high schools and three high schools were similar in demographic characteristics with a few exceptions. Junior high school C has a significantly larger percentage of students qualifying for the federal free or reduced-price meal program, indicating a high percentage of lower- 
Demographics

Data Collection
Test score data, student identification information, and school demographics were requested from the participating school district. Access to the Levels testing data from the 9th-grade assessment in the spring of 2001 and the ACT testing data from the 11th-grade assessment in the spring of 2003 allowed for the matching of student data over a 2-year period. This, in turn, permitted comparison of the types of scheduling formats used by the three high schools. Specifically, student scores from the Levels test and the ACT test were matched by student identification numbers and sorted byjunior high and high school attended.
By spanning a minimum of 2 years, the data collection approach allowed for the stabilization and measurement of an intervention effect (Lewis et al., 2003) . The data collected for this study were unique in that ninth graders from the 2000-01 school year were one of the last cohorts to be exposed to the same type of scheduling format in their feederjunior high school as in their senior high school. For example, junior high school A changed from a 4 X 4 block schedule to an A/B block schedule in 2002.
Data Analysis
The data collected for this study were analyzed using three separate methods. First, a comparison of the mean differences between the 9th-grade Levels test and the 1 1th-grade ACT test in mathematics and reading was conducted for the three scheduling formats. Second, a single-factor analysis of variance (ANOVA) was generated to examine the effect of the three scheduling formats on the Levels test scores and ACT test scores. Third, a 3 X 2 X 2 factorial ANOVA was conducted to analyze the test score data for main and interaction effects by gender and ethnicity.
Before the data were analyzed, gain scores were calculated for each student by subtracting the 9th-grade test scores in mathematics and reading from the 11th-grade test scores. To allow for comparison between the two sets of testing data, the results were then converted to standardized z-scores (Spatz, 2001) . Specifically, the conversion was done by subtracting the group mean from each test score and dividing the result by the standard deviation. This results in a standardized z-score with a mean of 0 and a standard deviation of 1. The four z-scores resulting from this standardization are identified as Std Mathematics score and Std Reading score for the Levels tests, and Std ACT Mathematics and Std ACT Reading for the ACT assessments. Table 2 presents descriptive data and effect size estimates for the mathematics and reading 9th-grade Levels tests and the 11th-grade ACT exams. The standardized mean differences (i.e., gain scores) in mathematics and reading were negative for both the traditional scheduling format and the A/B block scheduling format, which indicates that students experienced a relative decline over time in achievement for these two content areas. However, students in the 4 X 4 group showed an increase over time in both mathematics and reading achievement.
Findings Mean Differences
As displayed in Table 2 , effect size estimates were calculated for the mean differences in both mathematics and reading. The traditionally scheduled high school was used as the comparison group for both block scheduling formats. For reading (d = -0.11) and mathematics (d = -0.09), the effect size for the A/B scheduling format was negative and small, which indicates that students in this group had smaller gain scores than did students in the traditional group. For the 4 X 4 group, there was a positive and small effect size in mathematics (d = 0.19) and a positive and large effect size in reading (d = 1.93), which indicates that students in this group had larger gain scores than did students in the traditional group.
These same results are displayed graphically in Figures 2 and 3 . Although the 4 X 4 group shows a positive gain in mathematics fromjunior high school to high school, the difference is small in standard deviation units. However, this result is somewhat accentuated by the flat growth of the A/B group and the negative mean difference for the traditional group. As for reading, the 4 X 4 group experienced a sizable increase of more than one standard deviation unit with a change from -1.354 to 0.115. Again, the A/B and traditional groups declined in reading achievement, which makes the 4 X 4 group's progress that much more impressive. Specifically, students who were underperforming their peers from A/B and traditional schedules at the junior high level reached the same level of reading achievement in the 11th grade after exposure to a 4 X 4 block scheduling intervention.
Group Comparisons
A single-factor ANOVA was conducted on the standardized z-scores for both 9th-grade Levels tests and the 11th-grade ACT tests to determine if there were statistically significant differences between the groups on these outcome measures. The between-groups variable was scheduling format with three levels: traditional scheduling, A/B block scheduling, and 4 X 4 block scheduling. Tables 3 and 4 illustrate the ANOVA results for the mathematics and reading achievement data. For mathematics, no statistically significant differences existed between the groups on the standardized z-scores for the 9th-grade Levels test scores and the standardized z-scores for the 11th-grade ACT test scores. For the reading comparison, a statistically significant difference was found between the standardized z-scores for the 9th-grade and 11th-grade tests. As shown in Table 4 , the statistically significant difference between the groups on the 9th-grade Levels test was not repeated at the 11th grade, as a result of the sizeable growth rate for those students attending the 4 X 4 high school. 
Main and Interaction Effects for Attribute Variables
A 3 X 2 X 2 factorial ANOVA was conducted to test for main and interaction effects between the independent variables. The dependent variable for this analysis was the standardized mean differences from the 9th-grade Levels test and the 11th-grade ACT test in both mathematics and reading. The betweengroups variable was the type of block schedule, gender, and ethnicity. Gender and ethnicity were provided with the student demographic data for this study. As for ethnicity, the actual sample included 3 American Indian/Alaska Natives, 8 Asian/Pacific Islanders, 2 African Americans/ Blacks, 36 Hispanic/Latinos, and 306 Whites/Caucasians. As the percentage of each minority population represented was small, the ethnicity variable was converted to a dichotomous variable measured as minority (i.e., nonWhite students, 13.8% of the total sample) and nonminority students.
As displayed in Table 5 , there were no statistically significant main or interaction effects for the gain scores in mathematics. This finding is not surprising considering that the mathematics gains for each scheduling group were small in magnitude.
As displayed in Table 6 , a statistically significant difference in reading gain scores was found for each of the independent variables. There were signifi- female students in the 4 X 4 group performed relatively well. However, female students outperformed male students in all three scheduling formats. As shown in Figure 5 , minority and nonminority students in the 4 X 4 block scheduling format outperformed their peers in the traditional scheduling and A/B scheduling formats. However, nonminority students tended to perform better on the reading assessments, regardless of the scheduling format.
Discussion
Students from the 4 X 4 block scheduling group made impressive gains in reading as compared to the traditional scheduling group, with a positive and very large effect size (d = 1.93). This effect is magnified because 4 X 4 students scored significantly lower than both A/B and traditional students on the 9th grade Levels test, but achieved at the same rate as both groups on the 11th grade ACT assessment. As for mathematics, 4 X 4 students again outperformed traditional students as evidenced by a positive, albeit small, effect size (d = 0.19). Not only did these students improve their mathematics achievement, but they outperformed both A/B and traditional students on the 1lth-grade ACT test mathematics (d = -0.09). Students in the traditional scheduling group also experienced relative declines in both reading and mathematics achievement from the 9th-grade Levels tests to the 11 th-grade ACT exams.
Main effects were analyzed with attribute variables to determine if there was a relationship between gender, ethnicity, and gain scores on the mathematics and reading outcome measures. No main effects were found for mathematics but significant main effects were present for reading. Specifically, female students had significantly higher reading gain scores than did male students and nonminority students had significantly higher reading gain scores than did minority students. Interaction effects between the attribute variables and scheduling type also were analyzed for the mathematics and reading outcomes. However, there were no significant interaction effects for gender or ethnicity, which indicates that differences in gain scores were not related to these student demographics.
Conclusions
As a whole, the research literature provides modest support for the presumed advantages of block scheduling. Specifically, block scheduling often results in better nonacademic outcomes (e.g., positive class climate and enhanced instructional opportunities) than does traditional scheduling. Thus, the findings from the present study that students in block scheduling perform academically as well as or slightly better than students in traditional scheduling supports the implementation of block scheduling in high school settings. However, if the only goal of adopting a block scheduling program is to improve short-term student test scores, then the literature and this study are less enthusiastic. It is difficult to draw definitive conclusions about the most effective format, as researchers disagree about the positive and negative effects of 4 X 4 and A/B block scheduling. However, the findings from the present study suggest that 4 X 4 block scheduling may provide students with an advantage over students in traditional and A/B schedules with regard to reading and mathematics achievement. Future research should investigate why 4 X 4 block scheduling yields greater gains in academic achievement for high school students. In addition, researchers and practitioners should examine whether reading is a more appropriate content area for block scheduling than mathematics, based on the significance of student gain scores for the former and the insignificance of gain scores for the latter. #
